ABSTRACT: Planting density can influence the competitiveness among plants mainly by water, nutrients and solar radiation, directly affecting yield. The purpose of this study was to evaluate the productivity of different soybean cultivars at different planting populations under irrigated and rainfed conditions. The experiment was conducted during the 2014/15 growing season, under center pivot irrigation in Chapadão do Sul -MS, Brazil. The experimental design was randomized complete block design with split-plot, as follows: Irrigated and Rainfed (plots) x Six cultivars (subplots) x Three Plant Populations (sub-subplots) with 4 replications. The irrigation management was realized by Penman-Monteith-FAO method. The cultivars used were: NA 5909 RR, DM 5958 IPRO, Anta 82 RR, M 7110 IPRO, Desafio RR and M 7739 IPRO. Populations indicated by the holders of the seeds were tested, and also population 20% above and 20% below with the hypothesis that in different humidity conditions, different cultivars may have different answers depending on their populations. In rainfed condition productivity and mass of one hundred grains were influenced by water deficit. Cultivar Desafio RR presented the best performance under irrigation, with productivity of 6174 kg ha -1 .
INTRODUCTION
The rainfall irregularity is becoming more frequent with the climate changes in recent years, even in regions with high incidence and with rainfall seasons considered to be well defined (GAVA, et al., 2016) .
In soybean crop, lack of precipitation, even during small periods, can cause water deficit and compromise productivity. This occurrence at decisive moments can cause considerable reductions in productivity. According to GAVA (2014) water deficit, even at low intensity, can cause losses in soy production, depending on the phenological stage in which the crop is found. The author states that when it occurs in the grain fillings, the productivity drop can reach 64% in relation to irrigated areas.
According to VIVIAN et al. (2013) soybean yield is linked to climatic randomness, with water deficit being the main limiting productive agent. When studying the relative yield of the soybean crop as a function of the irrigation depth, simulating 9 crops with different planting dates and different crop cycles, these authors concluded that for the Passo Fundo microregion in the State of Rio Grande do Sul, in the period (1993 to 2006) , in all simulated scenarios there was a need for water supply, and it was observed significant reduction in yield as a result of water deficit, where yield reductions as function of percentage of irrigation depth varied between 25 and 45 % of maximum relative. Ricardo Gava, Jefferson L. Anselmo, Christopher M. U. Neale, et al. Eng. Agríc., Jaboticabal, v.37, n.3, p.441-452, maio/jun. 2017 442 FLUMIGNAN et al. 2015 studying the need for soy irrigation through the simulation with historical data, , also concluded that for the Southern region of the State of Mato Grosso do Sul there is a need for additional irrigation.
Researches show that there is need for soybean crop irrigation in different regions in Brazil.
Brazil has high potential to increase its irrigated areas, generating higher soybean yields which still a little explored in the irrigation field. It is necessary researches to determine the genotypes that present greater adaptability in this system, as well as the ideal cultivation population, aiming better exploit the genetic production potential of each cultivar.
HEIFFIG (2009) states that there are already adapted soybean cultivars for the different Brazilian regions with productivity potential of 6000 kg ha -1 . However, due to aspects related to crop management and climatic character, i.e. lack of rainfall, productivity averages are still far below that.
The great variety of cultivars in the market make necessary to know each one by differentiating its characteristics through research. According to KUSS (2006) soybean productivity is affected by intrinsic factors of its different cultivars, with a difference in the response between them to irrigation management and plant population. Thus, irrigation and the choice of genetic material are factors that affect crop yield. According to him, another important fact regarding the plant population is that the photosynthetic rate may vary depending on the arrangement of the plant population, the air and the soil humidity, directly affecting the crop yield. Therefore, the hypothesis is established on possible interaction between soybean plant population and water availability.
The population of soybean plants can be altered so that the crop yield become high due to the increase on absorption area by solar radiation which will be defined according to the requirements of the used cultivar, besides the amount of available water during the crop cycle. Thus, there is need for studies that determine the genetic material with the greatest productive potential under irrigated conditions as well as the need to change the plant population when irrigation is adopted. Thus, the objective of this study was to evaluate the yield of soybean cultivars in different plant populations under irrigated and no irrigated conditions.
MATERIAL AND METHODS
The study was carried out from October 2014 to February 2015, under central pivot, in the experimental area of the Agricultural Research Support Foundation of Chapadão, Chapadão do Sul -MS, (latitude 18 ° 46'49" S, longitude 52 ° 38'51" W and altitude of 810 meters).
The climate of the region is defined as tropical with dry season (Aw), according to the Köppen classification with average annual temperature of 25°C and average annual rainfall of 1800 mm.
The soil of the area is classified as Dystrophic Red Latosol; moderate A horizon, having a clay texture (SANTOS et al., 2013) .
The experimental design was randomized block with sub-subdivided plots in irrigation factor (irrigated and not irrigated) as subplots, and six cultivars (NA 5909 RR, DM 5958 IPRO, Anta 82 RR, M 7110 IPRO, Desafio RR and M 7739 IPRO), and in the sub-subplots three populations of plants (populations indicated by the respective seed holders for the region, and populations 20% above and 20% below the recommendation), with 4 replications, totaling 144 experimental units (Table 1) . In order to enable the division of the plots allowing irrigation control, the sowing was in strips from the center of the central pivot to its limit, allowing the harvest and respecting the different cycles of the varieties without trampling the other plots (Figure 1) . The fertilization followed the soil chemical analysis (Table 2) where 150 kg ha -1 of NPK formulation 11-52-00 was applied in the sowing line for all plots and afterwards the application of 200 kg ha -1 of potassium chloride in cover at the phenological stage V2. In the treatment of seeds, the product Standak Top was applied at the dose of 100 mL ha -1 , on the recommendation of the company that owns the product. - The applications of fungicides, pest and weed control and other fertilization were carried out according to the crop need, following recommendation from the Chapadao Foundation.
Irrigation management was carried out using meteorological data. The crop evapotranspiration (ETc) was obtained by the product of Reference Evapotranspiration (ETo) and the Crop Coefficient (Kc). The estimates of ETo were obtained by the Penman-Monteith-FAO method (Equation 1), according to ALLEN et al. (1998) , using data from an automatic meteorological station (Code A730) of the National Institute of Meteorology (INMET), located in the municipality of Chapadão do Sul, near to the experimental area. Soil physical-water parameters were obtained in the Soil Laboratory of Chapadão do Sul Campus (UFMS / CPCS) and are presented in Table 3 . Z -Effective Depth of the Radicular System (cm), and F -Factor of availability of the culture (adm).
Therefore, it was not adopted a fixed irrigation shift, but rather, the moment when the plant had consumed all readily available water, using the standard F for soybean in the local condition of 0.45, correcting it daily for Water Fraction Available from the Soil (WFA), according to the methodology adapted from ALLEN et al., 1998 (Equation 3 ). The highest frequency occurred during the grain filling stage. This management aimed to reduce the wetting of the plants (which favors the appearance of pests and diseases), increase soil aeration, induce deepening of the root system, reduce nutrient leaching, and harness rainwater, since the soil kept near the lower limit of the RWC when a rainfall occurs, it has porous space to be stored in the soil as opposed to when the soil is always kept close to the field capacity.
The date of harvest was variable for each cultivar, according to their respective cycles ( Table  1 ). The two central lines were evaluated with 4 meters of extension in each experimental unit (3.6 m²), and then the grain moisture was measured through the Ghaka 650 humidity measuring equipment, allowing later moisture correction at 13%. It was also carried out the counting of 100 random grains of each harvested plot and weighed with a subsequent correction of the water content to 13%.
Statistical analysis of the data was performed through the ASSISTAT Version 7.7 beta program. An analysis of variance (anova) was performed to compare the means and interaction between treatments. In the unfolding of the double and triple iterations was performed the Tukey's test.
RESULTS AND DISCUSSION
Rainfall records during the growing cycle, as well as the variation in soil water storage for no irrigation condition, are presented in Figure 2 . In order to guarantee standard plant irrigations were also carried out in rainfed area, however only up to the vegetative stage V2.
At 105 days after emergence (DAE) there was a reduction in soil water storage, in addition to readily available water (for Availability Coefficient of 0.45), which reached an accumulated ETc of -10 mm after a period of 7 days without rain. There were three other moments when soil moisture Moderate deficits occurred during the vegetative phase of soybean, beginning of flowering and grain fillings, varying with the cycle of each cultivar, occurring at 36, 69, 93, 100 and 105 days after emergence of the seedlings (periods of 6, 13, 10, 6 and 4 days without rain, respectively). The third and fourth periods without rain caused water deficits in the grain filling stage for cultivars of larger cycles. However, the super precocious cultivars (NA 5909 RR and DM 5958 IPRO) were already in physiological maturation, and therefore did not suffer from this deficit (Figure 2) .
In irrigated treatments, as the irrigation operation was carried out whenever the soil moisture approached the lower limit of its real water capacity, no water deficit occurred (Figure 3) . The occurrence of water deficit only in the grain filling stage is so severe that the reduction of productivity is equivalent to the reduction with deficits occurring throughout the crop cycle (GAVA, et al., 2015) . This is because the plant that suffers deficits from the initial stage adapts to the condition of soil moisture restriction during its cycle, whereas, plants grown in soil that has available water until the stage of grain filling, and at this stage suffers deficit, will result in larger reductions in grain mass and consequently in productivity (Figure 3) , corroborating FLUMIGNAN et al. 2015 . Thus, researches show that there is need for irrigation of soybean crop in different regions of Brazil.
There was a difference in productivity between irrigation and no irrigation (rainfed) and between cultivars and plant populations. In addition to interaction between all factors (Table 4) . The data of the interaction between irrigation, cultivars and plant populations are presented in Table 5 , where the differentiation of the means by the Test F is presented by lowercase letters between the means of the columns and by capital letters between the averages of the lines. In the table the separation between no irrigated (rainfed) and irrigated was made with the intention of facilitating the comparison on reader's part. However, its differentiation is by the capital letters in all column.
Plant populations showed little influence on productivity. The smallest population tested resulted in a decrease in productivity only for M 7110 IPRO in no irrigation (rainfed) condition and for the Desafio RR and M 7739 IPRO cultivars in irrigation condition. Thus, soybean productivity is influenced by the plant population, depending on the used cultivar and water condition. The increase in population above-recommended did not represent an increase in production in any of the tested conditions. In addition, the increase in population may represent an unnecessary Different soybean plant populations under central pivot irrigation
Eng. Agríc., Jaboticabal, v.37, n.3, p.441-452, maio/jun. 2017 449 cost to the producer. The cost of seeds and their treatment in the Central-West region represents 13% of the total cost of agricultural inputs and operations adopted in soybean cultivation, according to VILELA et al. (2015) . In this sense, increases in the population of plants are unnecessary even in irrigated conditions by central pivot.
Irrigation contributed significantly to the productivity increase, allowing the attainment of 6174 kg ha -1 with the cultivar Desafio RR, in the recommended population. Representing an increase of 60% in relation to the no irrigated (rainfed) condition, corroborating with VIVAN, et al. (2013) and GAVA et al. (2015) that found increases in productivity of the same order of magnitude for soybean crop.
Similar values of productivity in central pivot area were also found by SILVA et al. (2012) , who studying the physical-hydric properties, root development and soybean productivity in two types of soil management, reached productivities of 6000 kg ha -1 .
The highest no irrigated (rainfed) yield was achieved with cultivar NA 5909 RR, with yield of 4806 kg ha -1 . This same cultivar did not present an increase in productivity when irrigated, because there was no water deficit during its development cycle (super precocious, 100 days). Therefore, combination situations of planting date and genetic material can occur which there is no response to irrigation. In this case, the low level of humidity, close to the limit of the RWC for the occurrence of water deficit that occurred at 100 and 105 DAE did not influence. However, the cultivar DM 5958 IPRO of the same cycle showed significantly lower productivity in no irrigation (rainfed) and similar to the NA 5909 RR at irrigated, showing more sensitive to the effects of low soil moisture and responsive to irrigation.
In general, the cultivars that most produced with irrigation were the ones that the least produced on no irrigated (rainfed). Reinforcing the hypothesis that the productivity increase obtained with irrigation is directly related to the interaction to the genotype with irrigated environment, corroborating with the assertion that these differences are related to the genetic characteristics of each specific cultivar and the way in which the plants respond to the environment (EMBRAPA, 2011).
Another option of soybean population that has been tested is the practice of cross-sowing. SILVA et al. (2015) reached about 4980 kg ha -1 in rainfed conditions when using the cross-sowing system, maintaining the recommended fertilization and with twice the recommended population (about 800 thousand plants per hectare). However, these authors concluded that although the production was the largest in this situation, the costs were very high, stating that conventional sowing of parallel lines still shows the highest net revenue, being more profitable to the producer. For the variable mass of 100 grains there was a difference between irrigation and rainfed, and also between cultivars. There was interaction between irrigation factors and cultivars, but there was no interaction of any of the factors with the population (Table 6 ). The irrigation provided higher average mass of 100 grains. The cultivar M 7110 IPRO presented a greater mass of hundred grains among the tested cultivars, both in the not irrigated (rainfed) and irrigated, thus showing that this is a genetic characteristic of this cultivar. However, this was different from the others in the rainfed area, and did not differ from the irrigated M 7739 IPRO. The cultivar Anta 82 RR resulted in lower mass of 100 grains (Table 7) .
Changes in plant population had no effect on grain mass (Table 7) . As shown in Table 8 , the mean mass of 100 grains of all cultivars planted in the irrigated area exceeded the means of those sown under no irrigated (rainfed ), corroborating with LUDWIG et al. (2011) favorable conditions of water availability, tend to increase the grain mass. Grain mass is affected more strongly when water deficit occurs in the grain filling stage (GAVA et al., 2015) , explaining the higher averages obtained in irrigated cultivation in relation to the rainfed. However, the mass of 100 grains was not affected by the plant population (Table 7) .
CONCLUSIONS
The soybean productivity is influenced by the plant population, depending exclusively on the used cultivar and water condition. However, some genotypes do not respond to irrigation or population changes.
The cultivar Desafio RR presented productivity of 6174 kg ha -1 under irrigated condition against 3798 kg ha -1 in the rainfed.
Soybean irrigation allows productivity increases on more than 60%.
